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^ (57) Abstract: Disclosed aie a reflection type LCD and method of manufacturing the same. A wiring layer having a first and second 
2 metal layer (102, 104) is formed on a subsUate (100) including a display region (D) and a pad region (P). Upon the subsUate (100) 

and the wiring layer is formed a first passivation layer (155), and contacts with a wiring terminal (1 15) and the first metal layer 
Q (102). A second passivation layer (ISO) is formed on the substrate except the pad region (P). The pad contact hole (160) extends to 

a position under the second passivation layer (180). The second passivation layer (180) covers a region in the pad contact hole (160) 
^ where the step coverage of the pad electrode (170) is poor, thereby . preventing a battery effect 
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REFLECTION TYPE LIQUED CRYSTAL DISPLAY DEVICE AND 
METHOD OF MANUFACTURING TBOE SAME 

Technical Field 

5 The present invention relates to a liquid crystal display device and a method 

of manufacturing the same, and more particularly to a reflection type liquid crystal 
display device and a method of manufacturing the same in which a battery efTect can 
be prevented when a pad electrode consisting of a transparent conductive layer is 
used. 

10 

Background Art 

In the information society of these days, electronic display devices are more 
important as information transmission media and various electronic display devices 
are widely applied for industrial apparatus or home appliances. Such electronic 

15 display devices are being continuously improved to have new appropriate functions 
for various demands of the information society. 

In general, electronic display devices display and transmit various pieces of 
information to users who utilize such information. That is, the electronic display 
devices convert electric information signals ou^utted from electronic apparatus into 

20 li|^t iiifonnation signals recognized by users through their eyes. 

In the electronic display devices dividing into an emissive display device and 
a non*emissive display device, the emissive display device displays light 
information signals through a light emission phenomena thereof and the 
non-emissive display device displays the li^t information signals through a 

25 reflection, a scattering or an interference thereof. The emissive display device 
includes a cathode ray tube (CRT), a plasma display panel (PDP), a light emitting 
diode (LED) and an electroluminescent display (ELD). The emissive display device 
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is called as an active display device. Also, the non-emissive display device, called as 

a passive display device, includes a liquid crystal display (LCD), an electrochemical 

display (ECD) and an electrophoretic image display (EPID). 

The CRT has been used for a television receiver or a monitor of a computer 
5 as the display device for a long time since it has a high quality and a low 

manufiacturing cost. The CRT, however, has some disadvantages such as a heavy 

weight, a large volume and high power dissipation. 

Recently, the demand for a new electronic display devices is greatly increased 

such as a flat panel display device having excellent characteristics that thin thickness, 
10 ligjit weigjit, low driving voltage and low power consumption. Such flat panel 

display devices can be manufactured according to the rapidly improved 

semiconductor technology. 

In the flat panel devices, a liquid crystal display (LCD) device has been 

widely utilized for various electronic devices because the LCD device has thin 
15 thickness, low power dissipation and high display quality approximately identical to 

those of the CRT Also, the LCD device can be operated under a low driving voltage 

and can be easily manufactured so that the LCD device is widely used for various 

electronic apparatuses. 

The LCD devices are generally divided into a transmission type LCD device, 
20 a reflection type LCD device and a reflection-transmission type LCD device. The 

transmission type LCD device displays information by using a lig^t source such as a 

backliglit and the reflection type LCD device displays information by using an 

external natural light. The reflection-transmission type LCD device operates in a 

transmission mode for displaying an image using a built-in light source of the LCD 
25 device in a room or in a dark place where an external light source does not exist, and 

operates in a reflection mode for displaying the image by reflecting an incident light 

in the outside. 
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At present, a thin film transistor-liquid crystal display device (TFT-LCD) is 
predominantly used. The thin film transistor-liquid crystal display device has a 
structure that two substrates respectively having electrodes are provided and a thin 
film transistor (TFT) for switching a voltage applied to the electrodes is generally 
5 formed in a pixel region of one of die substrates. The thin film transistor-liquid 
crystal display devices are divided into an amorphous typed TFT-LCD and a 
polycrystalline typed TFT-LCD. 

FIGS. lA and IB are cross-sectional views showing a reflection type liquid 
crystal display device according to a conventional method. In FIGS. 1 A and IB, the 

10 reflection type liquid crystal display device is an amorphous silicon TFT-LCD 
having a bottom-gate structure. Referring to FIG. IB, a reference symbol P shows a 
pad region; a reference symbol D indicates a display region; and a reference symbol 
B shows a boundary region located between the pad region and the display region. 

Referring to FIGS. lA and IB, after sequentially depositing a chrome (Cr) 

15 layer 11 and an alimiinum-neodymium (AlNd) layer 12 on a substrate 10 composed 
of an insulating material such as glass, quartz or sapphire, these layers are patterned 
by a photolithography process to form a gate wiring. The gate wiring includes a gate 
line 13 prolonged in a first direction, a gate electrode 12 of a thin film transistor 
branched fi-om the gate line 13 and a gate terminal IS connected to the end of the 

20 gate line 13. 

A gate insulation layer 16 composed of silicon nitride is formed on the - 
substrate 10 on which the gate wiring is formed, and then, an amorphous silicon 
layer and an n**" doped amorphous silicon layer are successively deposited on the 
gate insulation layer 16. Subsequently, the amorphous silicon layer and the n^ doped 
25 amorphous silicon layer are patterned via a photolithogr^hy process to form an 
active pattern 17 and an ohmic contact pattern 18. Thus, the active pattern 17 is 
composed of amorphous silicon and the ohmic contact pattern 18 is made of n^ 
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doped amorphous silicon. 

After depositing a second metal layer, e.g., chrome (Cr) layer, on the ohmic 
contact pattern 18 and the gate insulation layer 16, the second metal layer is 
pattemed through a photolithography process to form a data wiring. The data wuing 
5 includes a data line 19 prolonged in a second direction perpendicular to the first 
direction, source/drain electrodes 20 and 21 branched from the data line 19 and a 
data terminal 22 connected to the end of the data line 19. 

Then, a portion of the ohmic contact pattern 18 exposed between the source 
electrode 20 and the drain electrode 22 is dry-etched away to complete the thin film 
10 transistor. 

After forming an inorganic passivation layer 24 comprised of silicon nitride 
on the data wiring and the gate insulation layer 16, a portion of the inorganic 
passivation layer 24 over the drain electrode 21 is removed. At the same time, there 
are formed a first pad contact hole 25 for exposing the gate terminal 15 and a second 

15 pad contact hole 26 for exposing the data terminal 22. 

After forming an organic passivation layer 26 on the entire surface of the 
resultant structure, a portion the organic passivation layer 26 over the drain electrode 
22 and the pad regions is removed by exposure and development processes to form a 
contact hole 29 exposing the drain electrode 22. At the same time, numerous 

20 grooves 30 for scattering a light are formed at the surface of the organic passivation 
layer 26. 

After depositing a reflective layer composed of metal having high 
reflectivity such as aluminum-neodymium (AlNd) on the entire surface of the 
resultant structure, the reflective layer is pattemed by a photolithography process to 
25 form a reflective electrode 32 connected to the drain electrode 21 through the 
contact hole 29. At the same time, there are formed a gate pad electrode 33 
connected to the gate terminal 15 throu^ the first pad contact hole 25 for applying a 
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scanning voltage to the gate electrode 14 and a data pad electrode 34 connected to 
the data terminal 22 through the second pad contact hole 26 for applying a signal 
voltage to the source electrode 20. 

According to the above conventional reflection type liquid crystal display 
5 device, the pad electrodes 33 and 34 are simultaneously formed when forming the 
reflective electrode 32 composed of aluminum alloy such as aluminum-neodymium 
(AlNd). Thus, during a subsequent chip on glass (COG) bonding process by which 
integrated circuits are directly mounted on the substrate of the LCD panel, COG 
(chip on glass) block defects may be caused due to aluminum corrosion. Therefore, 

10 there is suggested a method where a pad electrode is formed of an indium-tin*oxide 
(f TO) used as a transparent electrode. 

FIG. 2 is a cross-sectional view of a reflection type liquid crystal display 
device manufactured by another conventional method. Here, a reference symbol P 
shows a pad region; a reference symbol D indicated a display region; and a reference 

15 symbol B shows a boundary region located between the pad region and the display 
region. 

Referring to FIG. 2, after sequentially depositing a chrome (Cr) layer 51 and 

an aluminum-neodymium (AINd) layer 52 on a substrate 50 composed of an 

insulating material such as glass, these layers are patterned by a photolithography 
20 process to form a gate wiring. The gate wiring includes a gate line 53 prolonged in a 

first direction, a gate electrode (not shown) branched from the gate line 53 and a 

gate terminal 54 connected to the ex\d of the gate line 53. 

A gate insulation layer 55 composed of silicon nitride is formed on the 

substrate 50 on which the gate wiring is formed. Then, an active pattern (not shown) 
25 composed of amorphous silicon and an ohmic contact pattern (not shown) composed 

of n^ doped amorphous silicon are successively formed on the gate insulation layer 

55. 
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After depositing a second metal layer, e.g., a chrome (Cr) layer, on the ohmic 
contact pattern and the gate insulation layer 55, the second metal layer is patterned 
by a photolithography process to form a data wiring. The data wiring includes a data 
line 56 prolonged in a second direction perpendicular to the first direction, 
5 source/drain electrodes (not shown) branched from the data line 56 and a data 
terminal 58 connected to the end of the data line 56. Successively, a portion of the 
ohmic contact pattern exposed between the source electrode and the drain electrode 
is dry-etched away. 

After forming an inorganic passivation layer 60 on the data wiring and the 

10 gate insulation layer 55, a portion of the inorganic passivation layer 60 over the 
drain electrode is removed by a photolithography process. At the same time, there 
are formed a first pad contact hole 61 exposing the gate terminal 54 and a second 
pad contact hole 62 exposing the data terminal 58. In general, ITO and Al cannot be 
in contact with each other due to a galvanic corrosion. Thus, during the formation of 

15 the pad contact holes 61 and 62, the entire exposed AlNd layer 52 of the gate 
terminal 54 is etched away using a wet etching process. By doing so, an ITO pad 
electrode being formed in a subsequent process is in contact with the Cr layer 51 of 
the gate terminal 54. However, when the AlNd layer 52 exposed through the first 
pad contact hole 61 is etched away, the side of the AlNd layer 52 is etched away due 

20 to the isotropic propeity of wet etching to thereby generate an undercut 64. 

Next, an HO layer is deposited on the pad contact holes 61 and 62 and the 
inorganic passivation layer 60 and then, pattemed by a photolithography process to 
thereby form a gate pad electrode 65 and a data pad electrode 66. The gate pad 
electrode 65 is connected to the gate terminal 54 throu^ the first pad contact hole 

25 61 and the data pad electrode 66 is connected to the data terminal 58 through the 
second pad contact hole 62. At this time, step coverage of the date pad electrode 65 
becomes poor on a stepped portion in the first pad contact hole 61, i.e., the undercut 
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region 64. 

After forming an organic passivation layer 68 on the pad electrodes 65 and 
66 and the inorganic passivation layer 60, the organic passivation layer 68 is 
patterned by an exposure process and a development process to thereby form a 
.5 contact hole (not shown) for exposing the drain electrode. At the same time, 
numerous grooves 69 are formed in the surface of the organic passivation layer over 
the display region. 

After sequentially depositing a barrier metal layer 70 composed of 
molybdenum-tungsten (MoW) and a reflective layer composed of 

10 aluminum-neodymium (AlNd) on the contact hole and the organic passivation layer 
68, the reflective layer and the barrier metal layer 70 are patterned by a 
photolithography process to thereby form a reflective electrode 72 connected to the 
drain electrode through the contact hole. 

According to the above conventional method, in order to prevent the 

15 galvanic corrosion caused between ITO and Al, the entire AlNd layer 52 of the gate 
terminal 54 is etched away using a wet etching process when the pad contact holes 
61 and 62 are formed. Thus, the undercut 64 is generated in the AlNd layer 52. 

Further, two photolithogr^hy processes for forming the organic passivation 
layer 68 and the reflective electrode 72 are carried out after the pad electrodes 65 

20 and 66 are formed. Moreover, in order to improve the pixel contact characteristics, 
an etching process using an alummum etchant is added before forming the reflective 
electrode 72. Accordingly, during performing the above processes, chemicals such 
as a develop solution or an etchant penetrate through the stepped portion (portion 
"A" in FIG. 2) in the first pad contact hole 61 to thereby corrode the AlNd layer 52. 

25 In addition, such chemicals serve as an electrolyte to cause a battery effect between 
Al and ITO, thereby generating a lifting of the gate pad electrode 61 . 
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Disclosure of the Invention 

The present invention has been made to solve the aforementioned problem, 
and accordingly, it is an object of the present invention to provide a reflection type 
liquid crystal display device in which a battery effect can be prevented when a pad 
5 electrode consisting of a transparent conductive layer is used. 

It is another object of the present invention to provide a method of 
manufacturing a reflection type liquid crystal display device in which a battery 
effect can be prevented when a pad electrode consisting of a transparent conductive 
layer is used. 

10 To achieve the object of the present invention, there is provided a reflection 

type liquid crystal display device comprising a substrate including a display region 
and a pad region located outside the display region, a wiring layer formed on the 
substrate, the wiring layer being comprised of a fu-st metal layer and a second metal 
layer stacked on the first metal layer and including a wiring layer terminal located 

15 on the pad region; a first passivation layer formed on the substrate and the wiring 
layer and having a pad contact hole for exposing the wiring layer terminal and the 
first metal layer of a portion of the wiring layer connected to the wiring layer 
terminal; a pad electrode continuously formed on the sidewall and bottom of the pad 
contact hole and on a portion of the first passivation layer, the pad electarode being 

20 comprised of a transparent conductive layer and making contact with the v^ring 
terminal and the first metal layer of a portion of the vniing layer connected to the 
wiring layer terminal; a second passivation layer formed on the substrate except the 
pad region; and a reflective electrode formed on the second passivation layer of the 
display region, wherein the pad contact hole is extended to a position under the 

25 second passivation layer located on a boundary region between the display region 
and the pad region. 

Further, to achieve the above object of the present invention, there is 
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provided a reflection type liquid crystal display device comprising a substrate 
including a display region and a pad region located outside the display region; a gate 
wiring formed on the substrate, the gate wiring being comprised of a first metal 
layer and a second metal layer stacked on the first metal layer and including a gate 
5 line prolonged in a first direction and a gate terminal formed on the pad region and 
connected to the end of the gate line; a gate insulating layer formed on the gate 
wiring and the substrate; a data wiring formed on the gate insulating layer, the data 
wiring includiiig a data line prolonged in a second direction perpendicular to the first 
direction and a data terminal formed on the pad region so as to be connected to the 

10 end of the data line; a first passivation layer formed on the data wiring and the gate 
insulating layer, the first passivation layer having a first pad contact hole formed 
through the gate insulating layer to expose the gate terminal and the first metal layer 
that is a portion of the gate line connected to the gate terminal; a gate pad electrode 
continuously formed on the sidewall and bottom of the first pad contact hole and on 

15 a portion of the first passivation layer, the gate pad electrode consisting of a 
transparent conductive layer and being in contact with the gate terminal and the 
first metal layer of a portion of the gate line connected to the gate wiring; a second 
passivation layer formed on the substrate except the pad region; and a reflective 
electrode formed on the second passivation layer of the display region, wherein the 

20 first pad contact hole is extended to a position imder the second passivation layer 
located on a boundary region between the display region and the pad region. 

To achieve another object of the present invention, there is provided a 
method of manufacturing a reflection type liquid crystal display device comprising 
the steps of forming a wiring layer on a substrate including a display region and a 

25 pad region located outside the display region, the wiring layer being comprised of a 
first metal layer and a second metal layer stacked on the first metal layer and 
including a wiring layer terminal located on the pad region; forming a first 
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passivation layer on the substrate and the wiring layer, the first passivation layer 
having a pad contact hole for exposing the wiring layer terminal and the first metal 
layer of a portion of the wiring layer connected to the wiring layer terminal; 
continuously forming a pad electrode comprised of a transparent conductive layer on 
5 the sidewall and bottom of the pad contact hole and on a portion of the first 
passivation layer, the pad electrode making contact with the wiring terminal and the 
first metal layer of a portion of the wiring layer connected to the wiring layer 
terminal; forming a second passivation layer on the substrate except the pad region; 
and fonning a reflective electrode on the second passivation layer in the display 
10 region. 

Further, to achieve anther object of the present invention, there is provided a 
method of manufacturing a reflection type liquid crystal display device comprising 
the steps of forming a gate wiring on a substrate including a display region and a 
pad region located outside the display region, the gate wiring being comprised of a 

15 first metal layer and a second metal layer stacked on the fu^t metal layer and 
including a gate line prolonged in a first direction and a gate terminal formed on the 
pad region and connected to the end of the gate line; forming a gate insulating layer 
on the gate wiring and the substrate; forming a data wiring on the gate insulating 
layer, the data wiring including a data line prolonged in a second direction 

20 perpendicular to the first direction and a data terminal formed on the pad region so 
as to be connected to the end of the data line; forming a first passivation layer on the 
data wiring and the gate insulating layer, the first passivation layer having a first pad 
contact hole formed through the gate insulating layer to expose the gate terminal and 
the first metal layer of a portion of the gate line connected to the gate terminal; 

25 continuously forming a gate pad electrode comprised of a transparent conductive 
layer on the sidewall and bottom of the first pad contact hole and on a portion of the 
first passivation layer, the gate pad electrode being in contact with the gate terminal 
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and the first metal layer of a portion of the gate line connected to the gate wiring; 
forming a second passivation layer on the substrate except the pad region; and 
forming a reflective electrode on the second passivation layer in the display region. 

According to the present invention, the pad electrode comprised of the 
5 transparent conductive layer is formed after an opening region of the first ' 
passivation layer, i.e., the pad contact hole, is formed so as to be extended to a 
position under the second passivation layer located on the boundary region between 
the display region and the pad region. Thus, the second passivation layer covers a 
portion where step coverage of the pad electrode is poor due to a stepped portion of 

10 the opening region, i.e., an undercut of the second metal layer. Therefore, it can be 
prevented chemicals from penetrating through the stepped portion of the opening 
region to cause the battery effect between the pad electrode and the second metal 
layer of the wiring layer, thereby preventing a lifting of the pad electrode and a 
corrosion of the second metal layer. 

15 Further, the first metal layer of the wiring layer exposed through the pad 

contact hole is covered with the pad electrode to the boundary region located 
between the display region and the pad region. Thus, when the first metal layer of 
the wiring layer terminal is short-*circuited on a predetermined region, a redundancy 
can be formed by the pad electrode covering the first metal layer that is not 

20 short-circuited. 

Brief Description of Drawing3 

The above and other objects and advantages of the present invention will 
become readily apparent by reference to the following detailed description when 
25 considered in conjunction with the accompanying drawings wherein: 

FIGS. lA and IB are cross-sectional views showing a reflection type liquid 
crystal display device manufactured according to one conventional method; 
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FIG. 2A is a cross-sectional view illustrating a reflection type liquid crystal 
display device manufactured by another conventional method; • 

FIG. 3A is a plan view showing a reflection type liquid crystal display device 
according to a present invention; 
5 FIGS. 4 A and 4B are cross-sectional views showing the reflection type liquid 

crystal display device, taken along lines E-E' and F-F* in FIG. 3; and 

FIGS. 5A to 9B are cross-sectional views illustrating a method of 
manufacturing the reflection type liquid crystal display device shown in FIG. 4. 

10 Best Mode for Carrying Out the Invention 

Hereinafter, a reflection type liquid crystal display device and a method of 
manufacturing the reflection type liquid crystal display device according to the 
preferred embodiments of the present invention will be described in detail vnXh 
reference to the accompanying drawings. 

15 FIG. 3 is a plan view showing a reflection type liquid crystal display device 

according to the present invention. FIGS. 4A and 4B are cross-sectional views of the 
reflection type liquid crystal display device, taken along lines E-E' and F-F' in FIG. 
3, respectively. The reflection type liquid crystal display device includes an 
amorphous silicon thin film transistor having a bottom-gate structure. Here, a 

20 reference symbol P shows a pad region; a reference symbol D indicated a display 
region; and a reference symbol B shows a boundary region located between the pad 
region and the display region. Here, the pad region P is formed outside the display 
region D so as to surround the display region D. 

Referring to FIGS. 3, 4A and 4B, a gate wiring is formed on a substrate 100 

25 made of an insulating material such as glass, quartz or sapphire. The gate wiring is 
comprised of double metal layers including a first metal layer 102 consisting of 
chrome (Cr), molybdenum (Mo), tantalum (Ta) or a titanium (Ti) and a second 
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metal layer 104 consisting of aluminum alloy such as aluminum (Al) or 
aluminum-neodymium (AlNd) stacked on the first metal layer 102. The gate wiring 
includes a gate line 105 prolonged in a first direction (i.e., a horizontal direction), a 
gate electrode 1 10 of a thin film transistor 195 branched fi-om the gate line 105, and 
5 a gate terminal 115 formed on the pad region (P) and connected to the end of the 
gate line 115. 

A gate insulation layer 120 is formed on the gate wiring and the substrate 
100. The gate insulation layer 120 is comprised of an inorganic material such as 
silicon nitride. An active pattern 125 and an ohmic contact pattern 130 are 

10 successively formed on the gate insulation layer 120 where the gate electrode 1 10 is 
located. The active pattern 125 is comprised of amorphous silicon and the ohmic 
contact pattern 130 is comprised of n^ doped amorphous silicon. 

Further, a data wiring made of a single metal layer such as chrome (Cr) is 
formed on the gate insulation layer 120 and the ohmic contact pattern 130. The data 

15 wiring includes a data line 135 prolonged in a second direction (i.e., a vertical' 
direction) perpendicular to the first direction, first and second electrodes 140 and 
145, and a data terminal 150 formed on the pad region (P) so as to be connected to 
the end of the data line 135. The first electrode 140 (source electrode or drain 
electrode) is branched from the data line 135 and overlapped with a first re^on of 

20 the active patton 125. The second electrode 145 (drain electrode or source 
electrode) is overlapped with a second region of the active pattern 125 opposed to 
the first region. Hereinafter, the first electrode 140 is called as the source electrode 
and the second electrode 145 is called as the drain electrode. 

Upon the data wiring and the gate insulating layer 120, there is formed a fu-st 

25 passivation layer 155 having a first pad contact hole 160 exposing the gate terminal 
115 and a portion of the gate line 105 connected to the gate terminal 115 and a 
second pad contact hole 175 exposing the data terminal 150. Preferably, the first 
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passivation layer 155 is comprised of an inorganic material such as silicon nitride. 
The first pad contact hole 160 is formed throu^ the first passivation layer 155 and 
gate insulating layer 120 to thereby expose the gate terminal 1 15 and the first metal 
layer 102 that is a portion of the gate line 105 connected to the gate terminal 115. 
5 A gate pad electrode 170 comprised of a transparent conductive layer, 

preferably ITO, is formed continuously on the sidewall and bottom of the first pad 
contact hole 160 and on a portion of the first passivation layer 155. Throug^i the first 
pad contact hole 160, the gate pad electrode 170 makes contact with the gate 
terminal 115 and the first metal layer 102 that is a portion of the gate line 105 

10 connected to the gate terminal 115 so as to apply a scanning voltage to the gate 
electrode 1 10. Further, a data pad electrode 175 made fi-om the same layer as in the 
gate pad electrode 170 makes contact with the data terminal 150 through the second 
pad contact hole 165 so as to apply a signal voltage to the source electrode 140. 

A second passivation layer 180 comprised of an organic materiatl such as 

15 photosensitive acrylic resin is formed on the first passivation layer 155. In the 
display region (D) where pixels are formed to display an image, numerous grooves 
30 for scattering a light to enhance the reflectivity are formed at the surface of the 
second passivation layer 180. The first passivation layer 155 comprised of an 
inorganic material is provided in order to maintain the reliability of the transistor 

20 and pads and to enhance the adhesion of a COG bonding. To achieve such purpose, 
the second passivation layer 180 comprised of an organic material is formed only on 
the region except the pad region (P). 

On the second passivation layer 180, there is formed a reflective electrode 
185 connected to the drain electrode 145 via a contact hole 185 formed throu^ a 

25 first passivation layer 155 and the second passivation layer 180. The reflective 
electrode 185 severs as a reflector for reflecting a light bemg irradiated upon the 
substrate 100 from the outside and simultaneously, serves as a pixel electrode for 
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receiving an image signal from the thin film transistors 195, which are formed on 
the respective pixel region of the substrate 100, to generate an electric field with an 
electrode (not shown) of an upper substrate (i.e., color filter substrate). TTie 
reflective electrode 185 is formed in the pixel region confined by the gate line 105 
5 and the data line 135. Further, in order to secure a high aperture ratio, the edges of 
the reflective electrode 185 are overlapped with the gate line 105 and the data line 
135. Though not shown in the figure, a barrier metal layer may be formed under the 
reflective electrode 185. The barrier metal layer is comprised of a metal having an 
etching rate similar to that of the reflective electrode 185 with respect to a 
10 predetermined etchant, and is preferably comprised of molybdenum-tungsten 
(MoW). 

According to the reflection type liquid crystal display device of the present 
invention, an opening region of the first passivation layer 155, i.e., the first pad 
contact hole 160 is formed so as to be extended to be formed under the second 

15 passivation layer 155 located on the boundary region (B) between the display region 
(D) and the pad region (P). As a result, during subsequent processes after forming 
the pad electrodes 170 and 175, it can be prevented chemicals from penetrating 
throu^ a region where step coverage of the gate pad electrode 170 is poor due to a 
stepped portion in the first pad contact hole 160 (i.e., an undercut 162 of the second 

20 metal layer 104), thereby preventing a battery effect caused between the gate pad 
electrode 170 and the second metal layer 104. Therefore, no defect such as a lifting 
of the gate pad electrode 175 and a corrosion of the second metal layer 104 is 
gmerated. 

Further, according to the reflection type liquid crystal display device of the 
25 present invention, the first metal layer 102 exposed throu^ the first pad contact 
hole 160 is covered with the gate pad electrode 170 to the boundary region (B). 
Therefore, when chemicals penetrate through pinholes in ITO layer constituting the 

15 
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gate pad electrode 170 to short-circuit the first metal layer 102 of the gate wiring,^ 
redundancy can be formed of the gate pad electirode 170 covering the furst metal 
layer 102 that is not short-circuited. 

FIGS. 5A to 9B are cross-sectional views illustrating a method of 
5 manufacturing the reflection type liquid crystal display device shown in FIG. 4. 
Here, each of figures "a" are cross-sectional views taken along a line E-E' in FIG. 3, 
while each of figures "b" taken along a line F-F' in FIG, 3. A reference symbol P 
shows a pad region; a reference symbol D indicates a display region; and a reference 
symbol B shows a boundary region located between the display region and the pad 
10 region. 

Referring to FIGS. 5A and 5B, after sequentially depositing a first metal 
layer 102 and a second metal layer 104 on an insulating substrate 100 comprised of 
glass, quartz or ceramic, these layers 104 and 102 are patterned by a 
photolithography process using a first mask to form a gate wiring. Preferably, the 

15 first metal layer 102 is comprised of chrome (Cr) having a thickness of about 500A 
and the second metal layer 104 is comprised of aluminum-neodymium (AlNd) 
having a thickness of about 2500A. The g9te wiring includes a gate line 105 
prolonged in a first direction, a gate electrode 1 10 of a thin film transistor branched 
fix>m the gate line 105, and a gate terminal 1 IS connected to the end of the gate line 

20 115. 

Referring FIGS. 6A and 6B, an inorganic material, e.g., silicon nitride, is 
deposited to a thickness of about 4500A by a plasma-enhanced chemical vapor 
deposition (PECVD) method on the substrate 100 on which the gate wiring is 
formed, thereby forming a gate msulating layer 120. 
25 An active layer, e.g., an amorphous silicon layer, is deposited to a thickness 

of about 2000A by the PECVD method on the gate insulation layer 120, and then, an 
ohmic contact layer, e.g., an n* doped amorphous silicon layer, is deposited to a 
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thickness of about 500A by the PECVD method on the active layer Here, the active 
layer and the ohmic contact layer are in-situ deposited in the same chamber of the 
PECVD equipment. Next, the active layer and the ohmic contact layers are patterned 
by a photolithography process using a second mask to form an active pattern 125 
5 and an ohmic contact pattern 130. The active pattern 125 remains on the gate 
insulation layer 120 where the gate electrode 1 10 is located 

Then, after depositing a metal layer such as chrome (Cr) a thickness of about 
1500 to about 4000A on the ohmic contact pattern 130 and the gate insulation layer 
120, the metal layer is patterned by a photolithography process using a third mask to 

10 form a data wiring. The data wiring includes a data line 135 perpendicular to the 
gate line 105, source/drain electrodes 140 and 145 branched from the data line 135, 
and a data terminal 1 50 connected to the end of the data line 1 35. 

Subsequently, the ohmic contact pattern 130 exposed between the source 
electrode 140 and the drain electrode 145 is removed by a reactive ion etching (RIE) 

15 method, thereby forming the thin film transistor 195 on the display region (D). At 
that time, the gate insulation layer 120 is interposed between the gate line 105 and 
the data line 135, thereby preventing the gate line 105 and the data line 135 from 
making electrical contact with each other. 

In the present embodiment, the active pattern 125, the ohmic contact pattern 

20 130 and the data wiring are fonned using two masks. The present inventors, 
however, invented and filed a method for forming an active pattern, an ohmic 
contact pattern and a data wiring using one mask as Korean Patent Application No. 
1998-49710, thereby reducing the number of masks for manufacturing a thin film 
transistor-liquid crystal display device having the bottom-gate structure. The method 

25 of manufacturing such thin film transistor-liquid crystal display device will be 
described as follows using the same reference numerals concerning elements 
identical to the present embodiment 
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At first, an active layer, an ohmic contact layer and a metal layer are 
successively deposited on a gate insulation layer 120. After a photoresist layer is 
coated on the metal layer, the photoresist layer is patterned by exposure and 
developing processes to form a photoresist pattern (not shown) including a first 
5 portion, a second portion, and a third portion. The first portion has a first thickness 
and locates on a channel region of the thin film transistor. The second portion has a 
second thickness thicker than that of the first portion and locates on a region where a 
data wiring will be formed. The third portion is a region where no photoresist layer 
remains. 

10 Then, the metal layer, ohmic contact layer and active layer under the third 

portion, the metal layer under the first portion, and a partial thick of the second 
portion are etched away to simultaneously form the data wuing composed of the 
metal layer, the ohmic contact pattern 130 comprised of the n+ amorphous silicon 
layer and the active pattern 125 comprised of amorphous silicon layer. Next, the 

15 remaining the photoresist patterns is removed. By doing so, the active pattern 125, 
the ohmic contact pattern 130 and the data wiring are formed at the same time using 
one mask. 

Referring to FIGS. 7A and 7B, an inorganic material, e.g., silicon nitride, is 
deposited to a thickness of about 2000A on the entire surface of the substrate 100 on 
20 which the thin film transistor 1 95 is formed, thereby forming a first passivation layer. 
155. The first passivation layer 155 assures reliabilities of the thin film transistor 
and the pads, and enhances the adhesion of integrated circuits during a subsequent 
COG bonding. 

Next, throu^ a photolithography process using a fourth mask, the first 
25 passivation layer 155 and the gate insulating layer 120 are etched away to form a 
first contact hole 156 exposing the drain electrode 145. At the same time, there are 
formed a first pad contact hole 160 exposing the gate terminal 115 and a portion of 
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the gate line 105 connected to the gate terminal 1 IS, and a second pad contact hole 
175 exposing a portion of the data terminal 150. The first pad contact hole 160 is 
extended to the boundary region (B) located between the pad region (P) and the 
display region (D), while the second pad contact hole 165 is formed only on the pad 
5 region (P). 

At this time, since the gate terminal 155 exposed through the first pad 
contact hole 160 is the second metal layer 104 comprised of aluminum-neodymium 
(AlNd), the entire exposed second metal layer 104 is etched away by a wet etching 
process using an aluminum etchant in order to prevent the aluminum layer from 

10 making direct contact with an ITO pad electrode that will be formed in a subsequent 
process. As a result, the gate terminal 115 and the first metal layer 104 that is a 
portion of the gate line 105 connected with the gate terminal 115 are exposed 
through the first pad contact hole 160. No galvanic corrosion is generated between 
the first metal layer 102 and the ITO pad electrode because the first metal layer 102 

15 is comprised of chrome (Cr). When the second metal layer 104 comprised of 
aluminum-neodymium (AlNd) exposed by the furst pad contact hole 106 is etched as 
described above, the side wall of the second metal layer 104 is etched due to the 
isotropic characteristic of the wet etching method, thereby forming an undercut 162. 
Referring to FIGS. 8A and 8B, a transparent conductive layer, preferably 

20 rrO layer, is deposited on the pad contact holes 160 and 165 and the first 
passivation layer 155, and then, patterned by a photolithography process using a 
fifth mask. By doing so, there is formed a gate pad electrode 170 being in contact 
with the gate terminal 1 15 and the first metal layer 102 of a portion of the gate line 
105 connected to the gate terminal 1 15 through the first pad contact hole 160. At the 

25 same time, there is formed a data pads electrode 175 making contact with the data 
terminal 150 through the second pad contact hole 165. 

In order to complete cover the first metal layer 102 exposed the first pad 
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contact hole 160, the gate pad electrode 170 is formed so as to extend to the 
boundary region (B) between the pad region (P) and the display region (D). 
Accordingly, though chemicals penetrate through pinholes in the ITO layer 
constituting the gate pad electrode 170 to short-circuit the first metal layer 102, a 
5 redundancy can be formed by the gate pad electrode 170 covering the first metal 
layer 1 02 that is not short-circuited. 

Referring to FIGS. 9A and 9B, an organic material having a low dielectric 
constant, e.g., a photosensitive acrylic resin, is coated to a thickness more than 2p m 
on the gate pad electrode 170, the data pad electrode 175 and the first passivation 

10 layer ISS, thereby forming a second passivation layer 180. Because the second 
passivation layer 180 restrains a parasitic capacitance that is generated between the 
data wiring and a pixel electrode, the pixel electrode, i.e., a reflective electrode, is 
formed so as to be overlapped with the gate line 105 and data line 135, thereby 
accomplishing the thin film transistor-liquid crystal display device having a high 

15 aperture ratio. 

After a sixth mask having a pattern corresponding to a contact hole 185 is 
positioned over the second passivation layer 180 in order to form the contact hole 
185 through the second passivation layer 180, a portion of the second passivation 
layer 180 over the drain electrode 145 and a portion of the second passivation layer 

20 1 80 over the pad region (P) are primarily e3q)osed by a full exposure process. Next, 
a seventh mask for forming micro lenses is positioned over the second passivation 
layer 180. A portion of the second passivation layer 1 80 over the display region (D) 
besides the contact hole 185 is secondarily exposed via a lens exposure process. 
Subsequently, a develop process is carried out using a solution including 

25 tetramethyl-ammonium hydroxide (TMAH) to thereby form the contact hole 185 
and numerous grooves 182. The contact hole 185 extends fi-om the first contact hole 
156 to thereby expose the drain electrode 145. At this case, the second passivation 
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layer 1 80 over the pad region (P) is removed. 

Then, after performing a curing process at a temperature of about 130 to 
230°C for about 100 minutes in order to reflow and to harden the second passivation 
layer 180, an entire-etching process using an aluminum etchant is carried out for 
5 about a few minutes in order to enhance the pixel contact characteristics. 

Next, a metal layer (not shown) having an etching rate similar to that of a 
, reflective layer constituting the reflective electrode with respect to an etchant for 
etching the reflective layer, e.g., a molybdenum-tungsten (MoW), is deposited to a 
thickness of about SOOA on the entire surface of the resultant structure, thereby 

10 forming a barrier metal layer (not shown). The reflective layer having a high 
reflectivity such as aluminum-neodymium (AlNd) or silver (Ag) is deposited to a 
thickness of about 1500A on the barrier metal layer. Next, the reflective layer and 
the barrier metal layer are patterned through a photolithography process using an 
eighth mask to thereby form the reflective electrode (reference numeral 190 in FIG. 

15 4A). The reflective electrode 190 serves as a reflector and a pixel electrode, and is 
connected to the drain electrode 14S of the thin film transistor. 

According to the present invention as described above, flie pad electrode 
consisting of the transparent conductive layer is formed after an opening region of 
the first passivation layor, i.e., the pad contact hole, is formed so as to be extended to 

20 a position under the second passivation layer located on the boundary region 
between the display region and the pad region. By doing so, the second passivation 
layer covers a portion where the step coverage of the pad electrode is poor due to a 
stepped portion of the opening region, i.e., an undercut of the second metal layer. 
Therefore, it can be prevented chemicals from penetrating through the stepped 

25 portion of the opening region to cause a battery effect between the pad electrode and 
the second metal layer of the wiring layer, thereby preventing a lifting of the pad 
electrode and a corrosion of the second metal layer. 



21 



wo 03/058332 



PCT/KR02/0152S 



Further, the first metal layer of the wiring layer exposed through the pad 
contact hole is covered with the pad electrode to the boundary region located 
between the display region and the pad region. Thus, when the first metal layer of 
the wiring layer terminal is short-circuited on a predetermined region, a redundancy 
can be formed by the pad electrode covering the first metal layer that is not 
short-circuited. 

Although the preferred embodiments of the present invention have been 
described, it is understood that the present invention should not be limited to these 
preferred embodiments but various changes and modifications can be made by one 
skilled in the art within the spirit and scope of the present invention as hereinafter 
claimed. 
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CLAIMS 

1 . A reflection type liquid crystal display device comprising: 
a substrate including a display region and a pad region; 

5 a wiring layer formed on the substrate, the wiring layer being comprised of a 

first metal layer and a second metal layer stacked on the first layer and including a 
wiring layer terminal located on the pad region; 

a first passivation layer formed on the substrate and the wiring layer, the first 
passivation layer having a pad contact hole for exposing the wiring layer terminal 
10 and the first metal layer of a portion of the wiring layer connected to the wiring 
layer terminal; 

a pad electrode continuously formed on sidewall and bottom of the pad 
contact hole and on a portion of the first passivation layer, the pad electrode being 
comprised of a transparent conductive layer and making contact with the wiring 
15 terminal and the first metal layer of a portion of the wiring layer connected to the 
wiring layer temiinal; 

a second passivation layer formed on the substrate except the pad region; and 
a reflective electrode formed on the second passivation layer of the display 

region; 

20 wherein the pad contact hole is formed so as to be extended to a position 

imder the second passivation layer located on a boundary region between the display 
region and the pad region. 

2. The refection type liquid crystal display device as claimed in claim 1, 
25 wherein the second metal layer of the wiring layer is comprised of aluminum (Al) or 

aluminum alloy. 
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3. The reflection type liquid crystal display device as claimed in claim 1, 
wherein the pad electrode is formed so as to be extended along the pad contact hole 
to the boundary region between the display region and the pad region. 

5 4. A reflection type liquid crystal display device comprising: 

a substrate including a display region and a pad region; 
a gate wiring formed on the substrate, the gate wiring being comprised of a 
first metal layer and a second metal layer stacked on the first metal layer, the gate 
wiring including a gate line prolonged in a first direction and a gate terminal 
10 formed on the pad region so as to be connected to an end of the gate line; 

a gate insulating layer formed on the gate wiring and the substrate; 
a data wiring formed on the gate insulating layer, the data wiring including a 
data line prolonged in a second direction perpendicular to the first direction and a 
data terminal formed on the pad region so as to be connected to an end of the data 
15 line; 

a first passivation layer formed on the data wiring and the gate insulating 
layer, the first passivation layer having a first pad contact hole formed through the 
gate insulating layer to expose the gate terminal and the first metal layer that is a 
portion of the gate line connected to the gate terminal; 
20 a ^e pad electrode contmuously formed on the sidewall and bottom of the 

first pad contact hole and on a portion of the first passivation layer, the gate pad 
electrode being comprised of a transparent conductive layer and making contact 
with the gate terminal and the first metal layer of a portion of the gate line connected 
to the gate terminal; 

25 a second passivation layer formed on the substrate except the pad region; and 

a reflective electrode formed on the second passivation layer of the display 

region; 
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wherein the first pad contact hole extends to a position under the second 
passivation layer located on a boundary region between the display region and the 
pad region. 

5 5. The reflection type liquid crystal display device as claimed in claim 4, 

wherein the second metal layer of the gate wiring is comprised of aluminum or 
aluminum alloy. 

6. The reflection type liquid crystal display device as claimed in claim 4, 
10 wherein the gate pad electrode is formed so as to be extended along the first pad 

contact hole to the boundary region between the display region and the pad region. 

7. The reflection type liquid crystal display device as claimed in claim 4, 
further comprising a data pad electrode formed from a same layer as in the gate pad 

15 electrode, the data pad electrode making contact with the data terminal via a second 
pad contact hole formed through the gate insulating layer and the first passivation 
layer over the data terminal. 

8. The reflection type liquid crystal display device as claimed in claim 4, 
20 wherein the first passivation layer is comprised of an inorganic material and the 

second passivation layer is comprised of an organic material. 

9. The reflection type liquid crystal display device as claimed in claim 4, 
25 wherein the second passivation layer has a contact hole for exposing a portion of the 

data line over the display regioa 
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10. The reflection type liquid crystal display device as claimed in claim 9, 
wherein the reflective electrode is connected to a portion of the data line over the 
display region through the contact hole. 

5 11. A method of manufacturing a reflection type liquid crystal display 

device comprising the steps of: 

forming a wiring layer on a substrate including a display region and a pad 
region, the wiring layer being comprised of a first metal layer and a second metal 
layer stacked on the first metal layer and including a wiring layer terminal located 
10 on the pad region; 

forming a first passivation layer on the substrate and the wiring layer, the first 
passivation layer having a pad contact hole for exposing the wiring layer terminal 
and the first metal layer that is a portion of the wiring layer connected to the wiring 
layer terminal; 

15 continuously forming a pad electrode comprised of a transparent conductive 

layer on the sidewall and bottom of the pad contact hole and on a portion of the first 
passivation layer, the pad electrode making contact with the wiring terminal and the 
first metal layer of a portion of the wiring layer connected to the waring layer 
terminal; 

20 forming a second passivation layer on the substrate except the pad region; 

and 

forming a reflective electrode on the second passivation layer in the display 

region. 

25 12. The method of manufactwing a reflection type liquid crystal display 

device as claimed in claim 1 1, wherein the second metal layer of the wiring layer is 
comprised of aluminum or aluminum alloy. 

26 
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13. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 11, wherein the step of forming the first passivation layer 
comprises the steps of: 

5 forming the first passivation layer on the substrate and the wiring layer; 

partially etching the first passivation layer to form the pad contact hole for 
exposing the wiring layer terminal and the second metal layer of a portion of the 
wiring layer comiected to the wiring layer terminal; and 

etching the exposed second metal layer to expose the underlying first metal 

10 layer. 

14. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 1 1, wherein the pad electrode is formed so as to be 
extended along the pad contact hole to the boundary region between the display 

15 region and the pad region. 

15. A method of manufacturing a reflection type liquid crystal display 
device comprising the steps of: 

forming a gate wiring on a substrate includmg a display region and a pad 
20 region, the gate wiring being comprised of a first metal layer and a second metal 
layer stacked on the first metal layer and including a gate line prolonged in a first 
direction and a gate terminal formed on the pad region so as to be connected to an 
end of the gate line; 

forming a gate insulating layer on the gate wiring and the substrate; 
25 forming a data wiring on the gate insulating layer, the data wiring including a 

data line prolonged in a second direction perpendicular to the first direction and a 
data terminal formed on the pad region so as to be connected to an end of the data 

27 
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line; 

forming a first passivation layer on the data wiring and the gate insulating 
layer, the first passivation layer having a first pad contact hole formed through the 
gate insulating layer to expose the gate terminal and the first metal layer that is a 
portion of the gate line connected to the gate terminal; 

continuously forming a gate pad electrode comprised of a transparent 
conductive layer on the sidewall and bottom of the first pad contact hole and on a 
portion of the first passivation layer, the gate pad electrode making contact with the 
gate terminal and the first metal layer of a portion of the gate line connected to the 
gate terminal; 

forming a second passivation layer on the substrate except the pad region; 

and 

forming a reflective electrode on the second passivation layer in the display 

region. 

16. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 15, wherein the second metal layer of the gate wiring is 
comprised of aluminum or aluminum alloy. 

17. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim IS, wherein the step of forming the first passivation layer 
comprises the steps of: 

forming the first passivation layer on the substrate and the data wiring; 

partially etching the first passivation layer and the gate insulating layer to 
form the first pad contact hole for exposing the gate terminal and the second metal 
layer of a portion of the gate line connected to the gate terminal; and 

etching the exposed second metal layer to expose the underlying first metal 
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18. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 17, wherein a second pad contact hole for exposing the 

5 data terminal is formed simultaneously in the step of forming the first pad contact 
hole. 

19. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 18, wherein a data pad electrode connected to the data 

10 terminal through the second pad contact hole is formed simultaneously in the step of 
forming the gate pad electrode. 

20. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 15, wherein the gate pad electrode is formed so as to be 

15 extended along the first pad contact hole to the boundary region between the display 
region and the pad region. 

21. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim IS, wherein the first passivation layer is comprised of an 

20 inorganic material and the second passivation layer is comprised of an organic 
material. 

22. The method of manufacturing a reflection type liquid crystal display 
device as claimed in claim 15, wherein a contact hole exposing a portion of the data 

25 line in the display region is formed in the step of forming the second passivation 
layer. 
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